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<g) Process of producing intraocular lens. 

@ A process of producing an intraocular lens (28) 
of a one-piece type in which the lens includes an 
optical portion (24) and at least one support portion 
(26) produced integrally with each other, the process 
being characterized by including the steps of (a) 
forming a first polymerized material into a lens blank 
(10), the lens blank Including a convex portion (12) 
providing the optical portion of the intraocular lens, 
and a flange portion (14) surrounding the convex 
portion, (b) applying, to one (15) of opposite sur- 
faces of the flange portion (14) on a side of a convex 
surface (13) of the convex portion (13), a monomer 
composition which is polymerizable to produce a 
second polymerized material (22) different from the 
first polymerized material, the monomer composition 
including at least one polymerizable monomer, (c) 
polymerizing the monomer composition on the 
flange portion (14) to provide a double-layer portion 
(14, 22) having the flange portion (14) and the sec- 
ond polymerized material (22) produced integrally 
with the lens blank from the monomer composition, 
and (d) forming the convex portion (12) and double- 
layer portion (14. 22) of the lens blank, into the 
optical portion (24) and at least one support portion 
(26) of the intraocular lens, respectively. 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a process of 
producing an intraocular lens of a one-piece type in 
which an optical portion and a support portion of 
the lens are produced integrally with each other, 
and simultaneously of a type which the optical and 
support portions are formed of different materials. 

Related Art Statement 

An intraocular lens includes an optical portion 
serving as an optical lens, and a support portion for 
attaching the optical portion to a suitable site in an 
eye of a patient. Conventionally, there are known 
an intraocular lens of a two- or three-piece type in 
which an optical portion and a support portion are 
produced separately from each other and subse- 
quently the support portion is fixed to the optical 
portion, and an Intraocular lens of a one-piece type 
in which an optical portion and a support portion 
are produced integrally with each other. 

In addition, there is well known in the art an 
intraocular lens of a type in which an optical portion 
and a support portion are formed of different ma- 
terials. For example, the optical and support por- 
tions are produced by polymerization of different 
monomer compositions including different poly- 
merizable monomers, different compounding 
agents and/or additive agents, or different amounts 
of those agents. More specifically, the optical por- 
tion may be formed of a colorless, transparent 
polymerizable material and simultaneously the sup- 
port portion may be formed of a polymerizable 
material containing a coloring agent, so that the 
support portion can easily be identified when the 
intraocular lens is inserted to patient's eye. In addi- 
tion, it has been practiced to add different amounts 
of crosslinking agent to respective materials for 
optical and support portions of an intraocular lens, 
for the purpose of providing the two portions with 
different degrees of flexibility. In this way. the in- 
traocular lens is produced such that the optical and 
support portions thereof possess different optical or 
physical properties required thereto. 

Japanese Patent Application laid open under 
Publication No. 2-7954, on January 11, 1990. 
claiming priority from U.S. Patent Application No. 
164.140, filed on March 4, 1988, discloses a pro- 
cess of producing an intraocular lens of the one 
piece-type and of the type in which the optical and 
support portions thereof are formed of different 
materials. More specifically, the Japanese docu- 
ment teaches a process of producing an intraocular 
lens in which only the support portion thereof is 
colored. In the disclosed process, first, a coloriess. 



transparent plastic material is used to provide a 
central portion for a lens blank. Subsequently a 
liquid, colored plastic material is located around the 
central colorless portion, and then is polymerized 
5 to harden the outer colored portion. Thus, a lens 
blank is produced in which the central coloriess 
portion and the outer colored portion are integrally 
combined with each other. An alternative process 
disclosed by the Japanese document is that a 
10 colored material first is formed into an outer portion 
for a lens blank and subsequently a coloriess trans- 
parent material is poured into a central hole of the 
colored portion and then polymerized, so as to 
produce a lens blank similar to the above-indicated 
75 first lens blank, that is, lens blank in which the 
coloriess central and colored outer portions thereof 
are integrally connected with each other. A desired 
intraocular lens is obtained by forming the color- 
less central and colored outer portions of the lens 
20 blank into the optical and support portions of the 
lens, respectively. 

However, the above-indicated second process, 
in which the central portion of a lens blank is 
formed within a central hole in the colored outer 
25 portion, may suffer from a problem that distortion 
occurs to the central portion thus formed. That is, 
the optical properties of an intraocular lens as an 
end product may adversely be affected. Mean- 
while, the above-indicated first process, in which 
30 the colored outer portion of a lens blank is formed 
by polymerization around the colorless central por- 
tion, may suffer from a problem that it is extremely 
difficult to align the center of the colorless central 
portion with the center of the lens blank as a whole. 
35 This problem causes the "color misalignment" 
problem that an intraocular lens as an end product 
has a colored part in the optical portion thereof or 
has a coloriess part in the support portion thereof, 
because the lens blank therefor is worked or 
40 machined into the lens by employing the center of 
the lens blank as a whole as the center for the 
shape working. 

Another process of producing a one piece-type 
intraocular lens whose support portion is colored, is 
45 disclosed in Japanese Patent Application laid open 
under Publication No. 62-161360. on July 17, 1987, 
claiming priority from U.S. Patent Application No. 
787,495. filed on October 15, 1985. In the dis- 
closed process, a colored plastic material is lo- 
50 cated around an optical member formed of a color- 
less transparent plastic material, and subsequently 
heat Is applied to fuse the optical member and the 
plastic material into an integral member, that is, a 
lens blank. An intended lens is obtained from this 
55 lens blank. This process may suffer from the prob- 
lem that it is very difficult to align the center of the 
optical member with the center of the lens blank as 
a whole, that is. the above-identified "color misalig- 
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nment" problem. 

As is understood from the foregoing descrip- 
tion, the conventional processes have the problem 
that the optical properties of an intraocular lens 
produced thereby are deteriorated due to distortion 
occurring to the optical portion of the lens, or 
invasion of the material for the support portion of 
the lens into that for the optical portion thereof. In 
addition, the known processes suffer from the prob- 
lem that the support portion of an intraocular lens 
fails to have satisfactory physical properties due to 
invasion of the material for the optical portion of the 
lens into that for the support portion. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention 
to provide a process of producing an intraocular 
lens of the one-piece type and of the type in which 
the optical and support portions thereof are formed 
of different materials, which process is free from 
the problems of distortion of the optical portion, 
misalignment of the center of the optical portion, or 
"color misalignment". 

The present invention provides a process of 
producing an intraocular lens of a one-piece type in 
which the lens includes an optical portion and at 
least one support portion produced integrally with 
each other, the process comprising the steps of (a) 
forming a first polymerized material into a lens 
blank, the lens blank including a convex portion 
providing the optical portion of the intraocular lens, 
and a flange portion surrounding the convex por- 
tion, (b) applying, to one of opposite surfaces of 
the flange portion on a side of a convex surface of 
the convex portion, a monomer composition which 
is polymerizable to produce a second polymerized 
material different from the first polymerized ma- 
terial, the monomer composition including at least 
one polymerizable monomer, (c) polymerizing the 
monomer composition on the flange portion to pro- 
vide a double-layer portion having the flange por- 
tion and the second polymerized material produced 
integrally with the lens blank from the monomer 
composition, and (d) forming the convex portion 
and double-layer portion of the lens blank, into the 
optical portion and at least one support portion of 
the intraocular lens, respectively. 

In the intraocular lens producing process ar- 
ranged as described above, an unreacted poly- 
merizable material Is applied to the flange portion 
of the lens blank formed of the first polymerized 
material, and subsequently is polymerized on the 
flange portion to produce a second polymerized 
material. Consequently, a layer of the second poly- 
merized material superposed on the flange portion 
is integrally combined with the outer periphery of 
the convex portion of the lens blank. According to 



the present Invention, the convex portion providing 
the optical portion of an intraocular lens is polymer- 
ized first. Therefore, the present process does not 
suffer from the problem of distortion of the optical 
5 portion of the lens. Therefore, an intraocular lens 
produced by the present process enjoy stable op- 
tical properties. 

In the present producing process, the lens 
blank Includes the flange portion surrounding the 

70 convex portion such that the flange and convex 
portions are integral with each other, and therefore 
the position of the convex portion relative to the 
flange portion cannot be changed. On the flange 
portion, a superposed layer is formed of the sec- 

75 ond polymerized material. Thus, the center of the 
convex portion cannot be changed relative to the 
center of the. lens blank as a whole, between before 
and after the formation of the superposed layer on 
the flange portion. Thus, the present process is 

20 free from the problem of misalignment of the cen- 
ter of the optical portion of the lens. That is, the 
present process insures that the center of working 
or machining of a lens blank into a lens product is 
easily specified on the blank even after the second 

25 polymerized material has been formed on the 
flange portion. Therefore, the convex portion of the 
first polymerized material is accurately formed into 
the optical portion of the lens product, while the 
superposed layer of the second polymerized ma- 

30 terial on the flange portion is accurately formed into 
the support portion of the lens. Consequently, the 
present process does not suffer from the problem 
of invasion of the colored material for the support 
portion into the colorless material for the optical 

35 portion, or invasion of the colorless material for the 
optical portion into the colored material for the 
support portion, and therefore is free from the 
conventionally encountered "color misalignment" 
problem. 

40 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and optional objects, features and 
advantages of the present invention will be better 
45 understood by reading the following detailed de- 
scription of the present preferred embodiments of 
the invention when considered in conjunction with 
the accompanying drawings, in which: 
Fig. 1A is a plan view of a lens blank; 
50 Fig. IB is a cross-sectional view taken along line 
IB-IB of Rg. 1A, of the lens blank of Fig. 1A; 
Fig. 2 is a cross-sectional view corresponding to 
Fig. IB, of another lens blank; 
Fig. 3 is a cross-sectional view corresponding to 
55 Fig. IB. of yet another lens blank; 

Fig. 4 is a cross-sectional view corresponding to 
Fig. IB, of a different lens blank; 
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Fig. 5 is a cross-sectional view showing a super- 
posed layer formed on a flange portion of the 
lens blank of Fig. 3; 

Fig. 6 is a plan view of an intraocular lens 
produced by the process according to the 
present Invention; 

Fig. 7 is a view for explaining the configuration 
and dimensions of a lens blank as Invention 
Example 1 or Invention Example 2; 
Fig. 8 is a view for explaining the configuration 
and dimensions of a lens blank as Invention 
Example 3; and 

Fig. 9 is a view for explaining the configuration 
and dimensions of a lens blank as Invention 
Example 4. 

DETAILED DESCRIPTION OF THE INVENTION 

In the present invention, the first and second 
polymerized materials used for a lens blank and a 
superposed layer on the flange portion of the lens 
blank, respectively, are formed of different mon- 
omer compositions containing different polymeriza- 
ble monomers, different sorts of compounding 
agents and/or additive agents, or different amounts 
(or contents) of those agents. Therefore, the first 
and second polymerized materials have different 
optical or physical properties. It is preferred that 
the first polymerized material be formed of a poly- 
merizable composition suitable for the optical por- 
tion of an intraocular lens while the second poly- 
merized material be formed of a polymerizable 
composition suitable for the support portion of the 
lens. In this preferred case, is obtained an excellent 
intraocular lens whose optical and support portions 
have good optical or physical properties. 

For example, the first polymerized material 
may be a colorless, transparent material formed of 
a polymerizable composition without a coloring 
agent, while the second polymerized material may 
be a colored material formed of a polymerizable 
composition containing a coloring agent. In this 
case, Is produced an intraocular lens whose optical 
portion is colorless and transparent and whose 
support portion is colored. 

The first or second polymerized material may 
be formed of various polymerizable compositions 
which conventionally have been used for providing 
hard or soft materials for intraocular lenses. 

For example, a suitable hard or soft material 
may be obtained by polymerizing one or more of 
the following polymerizable monomers (hereinafter, 
regarding the expression of an acrylate or an acryl 
derivative, the term "(meth)acrylate" or "(meth)- 
acryl-" is used to indicate two sorts of acrylates. 
i.e., acrylate and methacrylate. or two sorts of 
groups, i.e., acryl- and methacryl-, resp ctively): 
straight chain, branched chain, or cycloalkyi 



(meth)acrylates such as methyl (meth)acrylate, 
ethyl (meth)acrylate, propyl (meth)acrylate, 
n-butyl (meth)acrylate, tert-butyl (meth)acrylate, 
isobutyl (meth)acrylate. n-pentyl (meth)acrylate, 

5 tert-pentyl (meth)acrylate, hexyl (meth)acrylate, 

2-methylbutyl (meth)acrylate, heptyl (meth)acrylate, 
octyl (meth)acrylate. 2-ethylhexyl (meth)acrylate. 
nonyl (meth)acrylate, decyl (meth)acrylate, 
dodecyl (meth)acrylate. stearyl (meth)acrylate, 

10 cyclopentyl (meth)acrylate. and cyclohexyi (meth)- 
acrylate; 

fluorine-containing (meth)acrylate derivatives; 
silicon-containing (meth)acrylate derivatives; 
styrene and its derivatives; fluorine-containing sty- 
15 rene derivatives; N-vinyllactam and its derivatives; 
hydroxyl group-containing (meth)acrylate deriva- 
tives such as hydroxyethyl (meth)acrylate, hydrox- 
ypropyl (meth)acrylate, 

hydroxybutyl (meth)acrylate, dihydroxypropyl 
20 (meth)acrylate, 

dihydroxybutyl (meth)acrylate. diethylene glycol 
mono(meth)acrylate, triethylene glycol mono(meth)- 

acrylate, 

and dipropylene glycol mono(meth)acrylate; 
25 (meth)acrylamide and its derivatives such as 
(meth)acrylamide, 

N-methyl(meth)acrylamide, N-ethyl(meth)- 
acrylamide, 

N-hydroxyethyl(meth)acrylamide, 
30 N,N-dimethyl(meth)acrylamide. N, N-diethyl(meth)- 
acrylamide, 

and N-ethylaminoethyl(meth)acrylamide. 

From the above-indicated monomers, one or 
more sorts of monomers may be selected and 
35 used. Alternatively, it is possible to obtain a 
"macromonomer" by polymerization of one or 
more monomers and use the macromonomer as a 
constituent of a polymerizable composition for the 
first or second polymerized material. Depending 
40 upon desired properties of the first or second poly- 
merized material, a suitable monomer or mon- 
omers and, if appropriate, suitable proportions of 
the monomers may be selected and specified. 
A commonly used polymerizable ultraviolet ab- 
45 sorbing agent and/or a polymerizable dye may be 
used as a polymerizable constituent or constituents 
of a polymerizable composition for the first or sec- 
ond polymerized material. 

Although according to the principle of the 
60 present invention it is possible to use as the first or 
second polymerized material a polymerized ma- 
terial without having crosslinking structure therein, 
it is preferred from the standpoint of shape stability 
to use, in particular as the second polymerized 
55 material providing the optical portion of the in- 
traocular lens, a polymerized material which has 
crosslinking structur therein. 
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The following crosslinking agents are prefer- 
ably added to the polymerizable composition for 
the first or second polymerized material: 4-vinyl- 
benzyl (meth)acrylate. S-vinylbenzyl (meth)acrylate. 
ethylene glycol di(meth)acrylate. diethylene glycol 
di(meth)acrylate, triethylene glycol di(meth)- 
acrylate. propylene glycol dl(meth)acrylate. 
dipropylene glycol di(meth)acrylate. allyl (meth)- 
acrylate, and vinyl (meth)acrylate. From these 
agents, one or more sorts of crosslinking agents 
may be selected and used. It is possible to use. as 
a crosslinking agent, a macromonomer containing 
two or more polymerizable groups in the molecule 
thereof. It is preferred that the polymerizable com- 
position for the first or second polymerized material 
contains 0.5 to 15 parts by weight, more prefer- 
ably, 1 to 10 parts by weight, of the crosslinking 
agent per 100 parts by weight of all the poly- 
merizable constituents of the composition. If the 
content of the crosslinking agent is higher than the 
upper limit. 15 parts by weight, the polymerized 
material produced suffers from brittleness and 
therefore weakness against stress caused by me- 
chanical shock applied thereto. Meanwhile, if the 
content of the crosslinking agent is lower than the 
lower limit. 0.5 part by weight, the crosslinking 
agent fails to exhibit satisfactory crosslinking effect. 

In addition to the crosslinking agent, one or 
more sorts of known compounding agents and/or 
additive agents may be added to the polymerizable 
composition for the first or second polymerized 
material. Different polymerizable compositions for 
producing the first and second polymerized materi- 
als are produced by uniformly mixing one or more 
polymerizable monomers, crosslinking agent, com- 
pounding agent, and/or additive agent. 

The coloring agent added to the polymerizable 
composition for the first or second polymerized 
material may be a well known additive agent. A 
coloring agent is commonly added to the poly- 
merizable composition for the second polymerized 
material, so as to allow a doctor to easily recognize 
the support portion of an intraocular lens to be 
implanted in patient's eye. According to the 
present invention, coloring agents are not limited to 
specific ones, although the coloring agents are 
required to have sufficient safety to human living. 
Any known dye or pigment may be used as a 
coloring agent. Preferable coloring agents are as 
follows: coloring matters used in the field of food 
and medicine, such as C.I. Acid Red 26 and C.I. 
Food Blue 2; direct dyes such as GJ. Direct Blue 
237 and C.I. Direct Yellow 8; acid dyes such as C.I, 
Acid Blue 29 and C.I. Acid Black 2; basic dyes 
such as C.I. Basic Blue 5 and C.I. Basic Violet 1; 
vat dyes such as C.I. Vat Blue 18 and S0LUBILI2- 
ED C.I. Vat Blue 1; solvent dyes such as C.I. 
Solvent Violet 13 and C.I. Solvent Green 3; and 



disperse dyes such as CI. Pigment Blue 15. In 
particular, the polymerizable dyes disclosed in Jap- 
anese Patent Application laid open under Publica- 
tion No. 1-299560 are suitable for an intraocular 
5 lens, because those dyes are securely combined 
with the polymerized material. 

From the above indicated coloring agents, one 
or more are. selected and added to the polymeriza- 
ble composition for the first or second polymerized 
10 material. It is preferred that the polymerizable com- 
position contain 0.01 to 30 parts by weight of the 
coloring agent. If the content of the coloring agent 
is below the lower limit, 0.01 parts by weight, the 
color produced thereby becomes too light. Mean- 

75 while, if the content of the coloring agent exceeds 
the upper limit. 30 parts by weight, the coloring 
effect provided thereby saturates. In the latter case, 
the coloring agent may come out of the lens to the 
patient's tissue. In the case where a coloring agent 

20 which is hardly soluble or disperseable to the poly- 
merizable composition, it is possible to additionally 
use a surface active agent and/or dispersing agent 
for promoting the solution or dispersion. 

Furthermore, a suitable polymerization initiator 

25 is added to the polymerizable compositon thus 
prepared for the first or second polymerized ma- 
terial. Conventional polymerization processes may 
be employed for polymerizing the polymerizable 
composition. For example, it is possible to employ 

30 a thermal or heat polymerization process in which 
a radical polymerization initiator such as 
azobtsisobutyronitrile or azobisdimethylvaleronltrile 
is mixed with the polymerizable composition and 
subsequently the composition is gradually heated 

35 from room temperature to about 130 °C In ten and 
several hours, so as to effect polymerization of the 
composition. In addition, a photopolymerization 
process may be used in which a photopolymeriza- 
tion initiator such as benzoin or methylorthobenzoyi 

40 benzoate is added to the polymerizable composi- 
tion and then the composition is irradiated by light 
having wavelengths corresponding to the absorp- 
tion band of the initiator, so as to polymerize the 
composition. Alternatively, it is possible to combine 

45 the thermal polymerization and photopolymeriza- 
tion techniques to polymerize the polymerization 
composition for the first or second polymerized 
material. Out of commonly used polymerization In- 
itiators, one or more sorts of initiators is/are se- 

50 lected and used. It is preferred that the poly- 
merizable composition contain 0.001 to 5 parts by 
weight, more preferably 0.01 to 2 parts by weight, 
of the polymerization initiator per 100 parts by 
weight of all the polymerizable constituents of the 

55 composition. 
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DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In the process according to the present inven- 
tion, first, the polymerizable composition for the s 
first polymerized material is polymerized into the 
first polymerized material. The first polymerized is 
then formed into a lens blank which includes a 
convex portion providing the optical portion of an 
intraocular lens, and a flange portion surrounding io 
the convex portion. Therefore, the intraocular lens 
as an end product has the optical portion which is 
free from distortion and accordingly possesses ex- 
cellent optical properties. 

The lens blank may be formed into a variety of is 
configurations or shapes depending upon desired 
shapes of intended lens products (i.e., intraocular 
lenses). For example, a lens blank 10 shown in 
Figs. 1A and IB has a generally disc-like configu- 
ration. The lens blank 10 includes a convex portion 20 
12 in a central portion thereof such that the convex 
portion 12 is concentric with the blank disc 10. The 
convex portion 12 has a partial spherical surface 
13. The lens blank 10 further includes an annular 
flange portion 14 surrounding the outer periphery 25 
of the convex portion 12. Reference numeral 16 
designates a continuous thick portion protruding 
from the outer periphery of the flange portion 14. 
The convex portion 12 and the continuous thick 
portion 16 cooperate with each other to define a 30 
generally annular groove 17 on the side of the part- 
spherical surface 13 of the convex portion 12. 
When the polymerizable composition for the sec- 
ond polymerized material is poured into the annular 
groove 17, the continuous thick portion 16 effec- 35 
tively prevents the composition from overflowing 
from the groove 17, thereby facilitating the pouring 
operation. 

The convex portion 12 of the lens blank 10 
may have a cylindrical shape with a circular plan 40 
surface as shown in Fig. 2. or a generally cylin- 
drical shape with a partial spherical surface as 
shown in Fig. 3. Alternatively, the convex portion 
12 may have a prismatic shape. The flange portion 
14 is not required to have the annular configuration 45 
as shown in Fig. 1A. The flange portion 14 may be 
provided at only a location or locations along the 
outer periphery of the convex portion 12 where a 
support portion or portions 26 (Fig. 28) of the 
intraocular lens is/are to be formed. so 

The continuous thick portion 16 may be omit- 
ted as shown in Fig. 2 or 3. In this case, as shown 
in Fig. 4, a continuous frame member 20 may be 
applied to the outer periphery of the flange portion 
14 of the lens blank 10, so that the convex portion 55 
12 and the frame member 20 cooperate with each 
other to define a generally annular hollow space 21 
on the side of the convex surface of the convex 



portion 12. This arrangement contributes to facilitat- 
ing the application to the flange portion 14 of the 
polymerizable composition for the second polymer- 
ized material. Furthermore, as shown in Fig. 9, it is 
possible to form a lens blank including a plurality of 
convex portions 12 each of which provides an 
optical portion of an intraocular lens, and a plurality 
of flange portions 14 each of which surrounds a 
corresponding one of the convex portions 12. In 
this case, the polymerizable composition for the 
second polymerized material is applied onto the 
continuous flange portions 14 all at once, so that 
the second polymerized material is integrally com- 
bined with the lens blank 10. Before final shape 
working or machining (i.e., finishing), the convex 
portions 12 are separated from each other by cut- 
ting the continuous flange p>ortions 14, so as to 
provide the independent convex portions 12. each 
of which subsequently is subjected to the finishing. 

The lens blank 10, as shown in Figs. 1 through 
4, has dimensions slightly greater than those of an 
intraocular lens as an end product. If the dimen- 
sions of the lens blank 10 are excessively great, it 
takes much time and labor to remove unnecessary 
portions from the lens blank 10. It is therefore 
preferred that the convex portion 12 have a diam- 
eter or length of about 5 to 15 mm, that the lens 
blank 10 including the convex and flange portions 
12. 14 except for the thick portion 16 have a 
diameter or length of about 10 to 20 mm. and that 
the height of the convex portion 12 as measured 
from the flange portion 14 be about 1 to 15 mm. 

The polymerizable composition for the second 
polymerized material is applied to one 15 of op- 
posite surfaces of the flange portion 14, that is, 
annular groove 17 (Fig. IB) or annular hollow 
space 21 (Fig. 4). The surface 15 of the flange 
portion 14 is located on the side of the convex 
surface of the convex portion 12. The applied com- 
position is polymerized by a suitable process to 
produce the second polymerized material, that is, a 
superposed layer 22 as shown in Fig. 5. The 
superposed layer 22 and the underlying flange 
portion 14 cooperate with each other to provide a 
double-layer portion. Since the applied composition 
is polymerized after partially having been impreg- 
nated Into the convex portion 12 (and the flange 
portion 14), the superposed layer 22 Is combined 
strongly with the convex portion 12, so that the 
superposed layer 22 is produced integrally with the 
convex portion 12. Since the convex portion 12 is 
stationary or fixed in position relative to the flange 
portion 14, the lens blank 10 is free from the 
problem of misalignment between before and after 
the polymerization of the applied composition to 
the superposed layer 22. 

Preferably, the composition for the second 
polymerized nnaterial is applied onto the flange 



11 



EP 0 552 528 A1 



12 



portion 14 such that at least the top of the convex 
portion 12 is not covered by the applied composi- 
tion or superposed layer 22, as shown in Fig. 5. In 
this situation, the convex portion 12 is easily distin- 
guished from the superposed layer 22, and the 
center of working or machining of the lens blank 10 
is easily found or specified based on the convex 
portion 12. In this case, the superposed layer 22 is 
formed such that the thickness of the layer 22 is 
smaller than the height of the convex portion 12. 
Usually, the thickness of the superposed layer 22 
is selected at about 0.2 to 10.0 mm. 

After the superposed layer 22 has been formed 
as described above, the lens blank 22 is subjected 
to shape working Including cutting and polishing to 
provide an intraocular lens as an end product as 
indicated in broken line shown in Fig. 5. Since the 
convex portion 12 is stationary in position relative 
to the lens blank 10 as a whole, as described 
above, the center of working Is easily identified on 
the convex portion 14 by grasping the outer periph- 
ery of the lens blank 10, that Is, outer periphery of 
the flange portion 14 or thick portion 16. The center 
of working coincides with the center of the convex 
portion 12. In the case where the superposed layer 
22 is formed with the top of the convex portion 12 
being left exposed, the center of working is easily 
specified by grasping the convex portion 12. 

The convex portion 12 and flange portion 14 of 
the lens blank 10 are respectively formed into an 
optical portion 24 and a pair of support portions 26 
of an intraocular lens 28 as shown in Fig. 6. Each 
support portion 26 takes the form of a J-shaped 
hook. The shape working of the lens blank 10 is 
effected by using a precision instrument such as a 
commonly used fraise or milling machine. 

As emerges from the foregoing description, in 
the intraocular lens producing process according to 
the present invention, the convex portion 12 cor- 
responding to the optical portion of an Intraocular 
lens, is securely connected with the superposed 
layer 22 corresponding to the support portion of 
the lens 28. Thus, the present process enables 
production of an excellent Intraocular lens of a one- 
piece type in which the optical and support por- 
tions thereof are securely combined with each oth- 
er, notwithstanding that the optical and support 
portions are formed of different materials. In addi- 
tion, since the convex portion 12 cannot be dis- 
placed relative to the lens blank 10 as a whole 
when the superposed layer 22 is formed on the 
lens blank 10, the lens blank 10 thus obtained does 
not suffer from the problem of misalignment of the 
center of the convex portion 1 2 with respect to the 
outer periphery of the lens blank 10. Therefore, 
based on the outer periphery of the lens blank 10 
or, if appropriate, th convex portion 12, the center 
of working for forming the lens blank 10 into the 



end product 28, is easily identified. Thus, the 
present process is Immune to the problem of 
"color misalignment" which has conventionally 
been encountered in the art. 

5 

Example 1 

97 Parts by weight of methyl methacrylate and 
3 parts by weight of diethylene glycol 

10 dimethacrylate are mixed with each other, and then 
are polymerized to produce a crosslinked poly- 
methyl methacrylate as the first polymerized ma- 
terial. The polymerized material Is formed into a 
disc-like plate having a 20 mm diameter. With the 

75 outer periphery of the plate (i.e., outer periphery of 
protruding portion 16 thereof) being grasped, the 
plate is formed into a disc-like lens blank having 
dimensions (unit : mm) as indicated in Rg. 7. 

Meanwhile. 0.1 % of CI. Solvent Violet 13 

20 (coloring agent) and 0.2 % azobisisobutyronitrlle 
(polymerization initiator) are added to methyl 
methacryate to thereby prepare a polymerizable 
composition for the second polymerized material. 
The composition is poured into an annular groove 

25 provided on flange portion 14 of the lens blank. 
The annular groove is covered with polyethylene 
film, and is kept at 50 °C for four hours. Thereafter, 
the temperature is raised from 50 to 110 °C in 
eight hours, so as to polymerize the composition 

30 and thereby form superposed layer 22 on the lens 
blank. 

Subsequently, the center of the lens blank is 
identified based on the outer periphery of protrud- 
ing portion 16. and this center is used as the 
35 center of working by a fraise. Thus, an intraocular 
lens including colored support portions is pro- 
duced. 

Example 2 

40 

A lens blanks Is formed of the same first poly- 
merized material as that used in Example 1 . Mean- 
while. 54 g of methyl methacrylate, 45 g of 
trifluoroethyl methacrylate. 1 g of ethylene glycol 
45 dimethacrylate (crosslinking agent), and 0.1 g of 
azoblsisobutyronltrile (polymerization initiator) are 
mixed with each other to thereby prepare a poly- 
merizable composition for the second polymerized 
material. 

50 The thus prepared composition Is poured into 

an annular groove provided on flange portion 14 of 
the lens blank. The annular groove is covered with 
polyethylene film, and is kept at 35 °C for 16 hours 
and then at 50 °C for six hours. Thereafter, the 

55 temperature is raised from 50 °C to 130 X in 12 
hours, so as to polymerize the composition. 

Subsequently, the center of the lens blank is 
identified based on the outer periphery of convex 
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portion 1 2. and this center is used as the center of 
working by a fraise. Thus, an intraocular lens in- 
cluding optical and support portions formed of dif- 
ferent materials is produced. 

Example 3 

A disc-like lens blank having dimensions (unit : 
mm) indicated in Fig. 8 is formed of the same first 
polymerized material as that used in Example 1. 
Subsequently, a cylindrical frame member (not 
shown) having an inner diameter of 20 mm and an 
axial length of 4 mm is located around the outer 
p riphery of flange portion 14 of the lens blank, so 
that an annular groove is defined between convex 
portion 12 and the cylindrical frame member. 

Meanwhile, 5 % of C.I. Pigment Blue 15 
(coloring agent; disperse dye) and 0.2 % 
azobistsobutyronitrile (polymerization initiator) are 
added to methyl methacryate to prepare a poly- 
merizable composition for the second polymerised 
material. The composition is poured into the an- 
nular groove provided on flange portion 14 of the 
lens blank. The lens blank is heated from 50 °C to 
110 ®C in eight hours, so as to polymerize the 
composition and thereby form a superposed layer 
on the lens blank. 

Subsequently, the center of the lens blank is 
identified based on the outer periphery of convex 
portion 12, and this center is used as the center of 
working by a fraise. Thus, an intraocular lens in- 
cluding colored support portions is produced. 

Example 4 

A rectangular lens blank having dimensions 
(unit : mm) indicated in Fig. 9 and including four 
convex portions 12, is formed of. the same first 
polymerized material as that used in Example 1 . 

Meanwhile, 0.1 % of C.I. Solvent Green 3 
(coloring agent) and 0.2 % azobisisobutyronitrile 
(polymerization initiator) are added to methyl 
methacryate to prepare a polymerizable composi- 
tion for the second polymerized material. The com- 
position is poured into an annular groove provided 
on flange portion 14 of the lens blank. The annular 
groove is covered with polyethylene film, and is 
kept at 50 °C for four hours. Thereafter, the tem- 
perature is raised from 50 °C to 110 °C in eight 
hours, so as to polymerize the composition and 
thereby form a superposed layer on the lens blank. 
From the rectangular lens blank, four disc-like lens 
blanks having a diameter of 20 mm are cut out 
such that each of the four lens blanks includes a 
convex portion 12 at a central part thereof and a 
double-layer portion surrounding the convex portion 
12. The double layer portion consists of the flange 
portion 1 4 and the superposed layer formed of the 



second polymerised material. 

Subsequently, the center of each lens blank is 
identified based on the outer periphery of convex 
portion 12, and this center is used as the center of 
5 working by a fraise. Thus, an intraocular lens in- 
cluding colored support portions is obtained. 

Exarhple 5 

10 A lens blank similar to that used in Example 1 

is formed of the same first polymerized material as 
that used in Invention Example 1. Meanwhile, 0.1 
% of C.I. Solvent Violet 13 (coloring agent) and 0.8 
% of 2-methyl-2-hydroxy-1-phenylpropane-1-one 
75 (photopolymerizatron initiator) are added to methyl 
methacryate to prepare a polymerizable composi- 
tion for the second polymerized material. 

The thus prepared composition is poured into 
an annular groove provided on flange portion 14 of 
20 the lens blank. The annular groove is covered with 
polyethylene film, and is kept at a 20 cm distance 
under a 15W ultraviolet (UV) lamp for eight hours, 
so as to polymerize the composition and thereby 
form on the lens blank a superposed layer of the 
25 second polymerized material. 

Subsequently, the center of the lens blank is 
identified based on the outer periphery of protrud- 
ing portion 16, and this center is used as the 
center of working by a fraise. Thus, an intraocular 
30 lens including colored support portions is pro- 
duced. 

While the present invention has been de- 
scribed in detailed with respect to the presently 
preferred embodiments, it is to be understood that 
35 the present invention is by no means limited to the 
detailed particulars of the Illustrated embodiments 

Claims 

40 1. A process of producing an intraocular lens (28) 
of a one-piece type in which the lens includes 
an optical portion (24) and at least one support 
portion (26) produced integrally with each oth- 
er, the process being characterized by includ- 

45 ing the steps of: 

forming a first polymerized material into a 
lens blank (10), said lens blank including a 
convex portion (12) providing said optical por- 
tion of the intraocular lens, and a flange portion 

50 (14) surrounding said convex portion: 

applying, to one (15) of opposite surfaces 
of said flange portion (14) on a side of a 
convex surface (13) of said convex portion 
(13), a monomer composition which is poly- 

55 merizable to produce a second polymerized 

material (22) different from said first polymer- 
ized material, said monomer composition in- 
cluding at least one polymerizable monomer; 



15 



EP 0 552 528 A1 



16 



polymerizing said monomer composition 
on said flange portion (14) to provide a double- 
layer portion (14. 22) having said flange portion 
(14) and said second polymerized material (22) 
produced integrally with said lens blank from 
said monomer composition; and 

forming said convex portion (12) and 
* double-layer portion (14. 22) of said iens^blank, 
into said optical portion (24) and at least one 
support portion (26) of the Intraocular lens, 
respectively. 

2- The process as set forth in claim 1, wherein 
said monomer composition comprises a color- 
ing agent. 

3. The process as set forth In claim 1 or claim 2, 
wherein said monomer composition comprises 
a dye which Is polymerizable with said at least 
one monomer. 

4. The process as set forth in any one of claims 1 
through 3. wherein said monomer composition 
comprises a crossllnking agent. 

5. The process as set forth in any one of claims 1 
through 4. wherein said lens blank (10) in- 
cludes a continuous thick portion (16) protrud- 
ing from an outer periphery of said flange 
portion (14) of the lens blank, said convex 
portion (12) and said continuous thick portion 
cooperating with each other to define a gen- 
erally annular groove (17) on the side of said 
one surface (1 5) of said flange portion, 

6. The process as set forth in any one of claims 1 
through 5, wherein said lens blank (10) has a 
circular configuration. 

7. The process as set forth In any one of claims 1 
through 5, wherein said lens blank (10) has a 
rectangular configuration. 

8. The process as set forth in any one of claims 1 
through 7, wherein said convex portion (12) of 
said lens blank has a partial spherical surface 
as said convex surface thereof. 

9. The process as set forth in any one of claims 1 
through 7, wherein said convex portion (12) of 
said lens blank has a rectangular configuration 
with a circular plan surface as said convex 
surface thereof. 



said convex surface thereof. 

11. The process as set forth in any one of claims 1 
through 4, further comprising the step of ap- 

5 plying a continuous frame member (20) to an 

outer periphery of said flange portion (14) of 
said lens blank, said convex portion (12) and 
said frame member cooperating with each oth- 
er to define a generally annular hollow space 

10 (21) on the side of said one surface (15) of 

said flange portion. 

12. The process as set forth In any one of claims 1 
through 11, wherein the step of forming said 

16 lens blank comprises forming said lens blank 

including a plurality of convex portions (12) 
each of which provides said optical portion of 
the intraocular lens, and a plurality of flange 
portions (14) each of which surrounds a cof- 

20 responding one of said convex portions; 

the step of applying said monomer com- 
position comprises applying said monomer 
composition to one of opposite surfaces of 
said each flange portion on a side of a convex 

25 surface of said corresponding one of said con- 

vex portions; and 

the step of polymerizing said monomer 
composition comprises polymerizing said mon- 
omer composition on said one surface of said 

30 each flange portion to provide a double-layer 

portion having said each flange portion (14) 
and said second polymerized material. 

13. The process as set forth in claim 12, further 
35 comprising the step of separating said plurality 

of convex portions (12) from each other, so 
that the separate convex portions are sur- 
rounded by the corresponding double-layer 
portions. 

40 

14. The process as set forth in any one of claims 1 
through 13, wherein the step of forming said at 
least one support portion (26) comprises for- 
ming said second polymerized material (22) as 

45 a layer of said double-layer portion (14, 22), 

into said at least one support portion. 

15. The process as set forth in any one of claims 1 
through 14, wherein said at least one support 

50 portion of the intraocular lens (28) comprises a 

pair of J-shaped hooks (26) which are opposite 
to each other with respect to said optical por- 
tion (24), 



10. The process as set forth In any one of claims 1 55 
through 7, wherein said convex portion (12) of 
said lens blank has a generally rectangular 
configuration with a partial spherical surface as 
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